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D iabetic retinopathy (DR) is a leading cause of impaired vision and quality of life. Urinary protein, including albuminuria as well as a lower estimated glomerular filtration rate (eGFR), are known as independent predictors of the development and progression of DR and/or diabetic macular edema (DME). However, the combined effects of urinary protein and moderately reduced eGFR as predictors of these conditions have been scarcely investigated, 1,2 although diabetic kidney disease (DKD) are considered due to a combination of these elements. Recently, much focus has been placed on not only traditional diabetic nephropathy (normal eGFR and proteinuria) but also DKD with decreased eGFR without proteinuria. Diabetic nephropathy, also known as DKD, results in decreases in kidney function in patients with diabetes mellitus. Kidney damage may cause proteinuria and/or decreased eGFR, which are used to monitor the status of diabetic nephropathy. In a very early stage of diabetic nephropathy the eGFR increases, but with progression of the diabetic nephropathy, the eGFR gradually decreases. Furthermore, there are few data to address the issue of whether urinary protein, including microalbuminuria or a moderate decline of eGFR, is a competing risk factor for the development and progression of DR. 1 Therefore, using a current large nationwide database of Japanese diabetic patients, we analyzed the impact of urinary protein, moderately reduced eGFR, and their combination on severe DR or severe DME, defined as vision-threatening treatment-required diabetic eye diseases (TRDED), which without treatment present the danger of blindness in Japanese patients with diabetes. The risk of TRDED according to these parameters was assessed in this study.
METHODS
This study reviewed data provided from a national health insurance claim-based database in Japan consisting of participants insured by a health insurance provider for company employees. 3 We described details of the claims data previous-ly. 3, 4 We included participants in this dataset who had at least a 1-year TRDED-free period before baseline and had been followed for at least 3 years between April 1, 2008, and March 31, 2014, and followed until November 30, 2017.
Among the 360,205 individuals who met these criteria, 22,981 persons with diabetes were included ( Figure) . Of these 22,981 persons, 14,464 patients who did not have full health examination data were excluded.
Among the remaining eligible 8517 participants, 808 patients with eGFR <30 mL/min/1.73 m 2 or eGFR >100 mL/ min/1.73 m 2 were excluded. We included individuals with eGFR 30 to 100 mL/min/1.73 m 2 in this analysis. This study finally included 7709 participants.
We classified participants as having diabetes mellitus (DM) depending on their HbA1c, fasting plasma glucose, and claims database data. Criteria for DM was HbA1c ‡48 mmol/mol (6.5%) or fasting plasma glucose ‡7.0 mM or both without prescribed antidiabetic drugs or with a prescribed antidiabetic drug irrespective of fasting plasma glucose or HbA1c values. 4 We identified TRDED according to claims using the International Classification of Diseases, 10th Revision codes for DR, diabetic maculopathy, or DME in E 103, 113, or 143 and medical procedures. Occurrence of TRDED was determined as a composite of the diagnosis of DR and/or diabetic maculopathy and/or DME and the administration of medical procedures, such as retinal photocoagulation treatment and/or pars plana vitrectomy and/or intraocular injection with steroids and anti-VEGF agents for 1 month or more beginning at the observational period.
The eGFR was calculated using the following equation by the Japanese Society of Nephrology: eGFR (mL/min/1.73 m 2 ) ¼ 194 3 serum creatinine À1.094 3 age À0.287 3 0.739 (if female). 5 Urinary protein was assessed by test strip and a baseline result of ‡1þ indicated overt proteinuria (OP), which reportedly corresponds to a urinary protein concentration of ‡30 mg/dL. Although the dipsticks used depended on the respective facilities, dipsticks manufactured by Eiken Chemical Co., Ltd. (Tokyo, Japan), Siemens Healthcare K.K. (Tokyo, Japan), and ARKRAY, Inc. (Kyoto, Japan) had a 40.6%, 22.6%, and 23.4% share, respectively, in Japan.
Results of urinary protein were primarily determined by machine (84.0% of facilities). Moderately reduced eGFR (MG) was defined as baseline eGFR 30.0 to 54.9 mL/min/1. Categorical variables were expressed as numerals and percentages and compared with v 2 tests. Continuous variables were expressed as mean 6 SD or median and interquartile range. Continuous variables were compared using the unpaired Student's t-test or the Mann-Whitney U test for twogroup comparisons based on distributions.
The Cox proportional-hazards regression model identified variables related to the incidence of TRDED. In Cox analysis, 
RESULTS
Among 7709 patients (19-72 years old), 168 TRDED events occurred during the observational period (median 5.6 years). Cumulative incidence rate of TRDED was 3.9 per 1000 personyears. Table 1 shows baseline characteristics of the total study participants as well as those who did or did not develop TRDED.
Multivariate Cox analysis showed hazard ratios (HRs) for OP, MG, and HbA1c for incident TRDED of 1.91 (95% confidence interval, 1.27-2.87), 1.90 (1.11-3.23), and 1.50 (1.35-1.66), respectively. Compared with participants having NP(MGÀ), those with OP(MGÀ) and OP(MGþ) had HRs of 1.73 (1.11-2.69) and 5.57 (2.40-12.94), respectively, for TRDED ( Table 2) . Interaction between MG and OP was not statistically significant (P ¼ 0.186). The association between MG and OP was not synergistic but additive. When we reanalyzed our database excluding the past history of dialysis at baseline (2/7709), this relation was unchanged.
DISCUSSION
To our knowledge, this is the first longitudinal study of a large population to find that OP in combination with moderately decreased eGFR was useful to assess the risk of developing advanced retinopathy. Recently, not only classical diabetic nephropathy (normal eGFR and proteinuria) but also a DKD pattern with decreased eGFR without proteinuria have been receiving much attention. Thus, we thought that an evaluation of the risk of future occurrence of DR and/or DME that was stratified according to DKD patterns would be useful for formulating future preventive and treatment strategies for DR and/or DME.
Most previous studies regarding DR and/or DME risk have used only eGFR, albuminuria, or proteinuria as a single variable for renal function. The longitudinal impact of combined renal function indicators on DR has not been thoroughly investigated; in fact, there have been only two small-scale studies. 1, 2 Chen and colleagues 1 analyzed the development of DR of various severities that included only 487 older type 2 diabetes patients. They found that overall microalbuminuria and a higher eGFR presented a significantly greater risk for development and progression of DR than moderate renal impairment and normoalbuminuria. However, no significance was found when those with advanced DR were separately analyzed.
Although Romero-Aroca and colleagues 2 aimed to determine the incidence of any DR and their risk factors in 366 patients with type 1 diabetes, details were lacking with regard to the study population. However, it was concluded that the incidence rate of any DR was greater in those with type 1 diabetes than in those with type 2 diabetes. Although they very recently also reported that the combination of eGFR <60 mL/ min/1.73 m 2 and microalbuminuria was an important risk factor for DME and sight-threatening DR development, they did not address the combined effects of both markers in detail nor did they separate severe eGFR reduction (eGFR<30 mL/min/ 1.73 m 2 ) from their analysis. 6 Although this study cannot reveal potential mechanisms for the increase in the progression of DR and/or DME in accordance with renal function, some underlying mechanisms may be suggested. Many systemic factors, including oxidative stress, 7 advanced glycation end products, abnormality of protein kinase C or renin-angiotensin system, 7 hyperglycemia, 8 inflammation, and vascular endothelial dysfunction, 9 were associated with microvasculature damage both in the retina and kidney.
We examined only cases with imminent vision impairment requiring an ophthalmological intervention. There are enormous differences in urgency, the impact on quality of life, and the medical cost between severity stages of DR, indicating the need for an ophthalmological intervention even though there has been remarkable progress in the management of DR in the past few decades, including the use of anti-VEGF agents. 10, 11 Strengths of this analysis are the long observational period, very low rate of participants lost to follow-up, and veracious TRDED detection based on practical medical treatment. Another advantage of using the claim-based database or management-based outcomes in Japan is that the wellorganized public health insurance system that equally covers all people in Japan enabled ophthalmologists to select the best treatment regardless of a patient's economic status. However, this study has several limitations. First, we had no information on the duration of diabetes and fundus examinations. Second, urine protein was evaluated with the dipstick semiquantitative method, which could have over-or underestimated the presence of proteinuria. Although there was no information on types of diabetes and duration of diabetes, most patients were considered to have type 2 DM because the prevalence of type 1 DM is extremely low in East Asia. Third, we evaluated only baseline values of the parameters in this study; therefore, the results could have been influenced by therapeutic management. Also, we could not evaluate changes in the parameters such as in eGFR, proteinuria, or HbA1c. Fourth, although we attempted to exclude patients who already had TRDED at baseline using claims data, we could not exclude all such cases that had TRDED before baseline. Fifth, although we adopted TRDED as an outcome in this study because it is based on the judgment of ophthalmologists on the necessity for treatment in real-world clinical settings instead of using outcomes predominantly based on criteria for results of fundus examinations, conventional criteria based on fundus examinations or fluorescein angiography would be more important and superior to definitions based on claims data. Sixth, not all cases in this analysis were included as having TRDED because some did not go to the hospital and remained untreated and undetected. Seventh, it is possible that missing clinical examination data such as retinal information to verify the diagnosis of DR and/or DME would lead to a biased effect from misclassification of information. Eighth, we made every effort to select procedure codes specific to DR or DME in order to avoid mistakenly including procedures that required treatment caused by conditions other than severe DR or DME. Also, we excluded specific procedures for other eye diseases, such as cataract. However, there would remain a possibility of inaccuracy in diagnosis. Last, there is also the possibility of inaccuracy of data induced by missing data, miscoding, or incomplete data for the reasons not related to medicine, such as losses to follow-up or an alteration in insurance.
In conclusion, our findings implied that the combination of OP and moderately decreased eGFR had an additive association for the incidence of vision-threatening severe DR requiring ophthalmological intervention, suggesting the necessity of considering moderately decreased eGFR in addition to proteinuria in strategies for preventing the future occurrence of severe retinopathy. A total of 168 patients developed TRDED. Model 1: adjusted for age, sex, body mass index, systolic blood pressure, HbA1c, fasting plasma glucose, LDL-C, HDL-C, triglycerides, smoking status, and separately for OP and moderately reduced eGFR, respectively. Model 2: adjusted for age, sex, body mass index, systolic blood pressure, HbA1c, fasting plasma glucose, LDL-C, HDL-C, triglycerides, smoking status, and for the combination of moderately reduced eGFR and OP. Bolded values indicate statistical significance. CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NA, not applicable.
